We describe the results of surgical treatment in a prospective study of 183 consecutive cases of subluxation (101) and dislocation (82) of the shoulder secondary to obstetric brachial plexus palsy between 1995 and 2000. Neurological recovery was rated 'good' or 'useful' in all children, whose lesions fell into groups 1, 2 or 3 of the Narakas classification. The mean age at operation was 47 months (3 to 204). The mean follow-up was 40 months (24 to 124).
Medial rotation contracture, posterior subluxation and posterior dislocation are three steps in the progression of deformity of the shoulder after obstetric brachial plexus palsy. In the first national survey of the incidence of obstetric brachial plexus palsy, Evans-Jones et al 1 found 330 cases in the United Kingdom and Ireland in one year. Bisinella and Birch 2 observed 75 during a period of two years; 20 children required operation for posterior dislocation and four more have undergone surgery since the study was concluded. In the United Kingdom and Ireland about 100 children will present in the course of a year with posterior subluxation and dislocation after obstetric brachial plexus palsy.
Whitman 3 thought that congenital dislocation was rare and that subluxation was caused by fibrosis and contracture during the period of paralysis. Fairbank 4 found 28 cases of posterior dislocation in his series of 37 children with obstetric brachial plexus palsy. He added that "the muscle which is most affected and offers the strongest bar to lateral rotation is the subscapular". 4 Sever 5 found that elongation of the coracoid process and the acromion were late developments. No evidence of epiphyseal separation was seen at operation in his series. In contrast, Scaglietti, 6 narrating Putti's results, stated that upper humeral epiphysiolysis was often encountered and was "the hallmark of complicated obstetrical trauma of the shoulder joint". Epiphysiolysis causes retroversion of the head of the humerus and a change in the angle of declination formed between the axis of the upper end of the humerus and that of the lower epiphysis. He noted secondary changes in the lower part of the glenoid. 6 Zancolli and Zancolli 7 found epiphysiolysis in one third of their cases; other causes of deformity included direct injury to muscle and the peri-articular structures.
Gilbert 8 observed the progression from medial rotational deformity through posterior subluxation to posterior dislocation; epiphysiolysis was rare. 9 Waters, Smith and Jaramillo 10 studied prospectively by CT and MRI, the shoulders of 94 children with obstetric brachial plexus palsy and found subluxation in 26. They suggested that the most severe affections were congenital and proposed a classification based on the extent of subluxation and of retroversion of the glenoid. Pearl et al 11 undertook arthrography of the shoulders of 25 children before operating to correct a medial rotation contracture and found that the humeral head was concentric in only seven. In others, they observed flattening of the posterior part of the glenoid leading to biconcavity and the formation of a false glenoid. Van der Sluijs et al 12 studied retroversion of the humeral head of 33 infants by MRI, finding that by the age of 12 years it was more than 30˚ in the affected limb compared with 20˚ on the normal side.
Our early experience using an operation based on descriptions by Fairbank 4 found serious loss of medial rotation in uncorrected retroversion of the humeral head. More than half of the subscapularis recessions failed. 13, 14 Therefore, a policy of derotation osteotomy of the humerus at the same time as open reduction was introduced in 1994.
Patients and Methods
Surgery to obtain and maintain a congruent reduction was performed in 201 children, although 13 were excluded because of particularly poor recovery of the fifth and sixth cervical nerves, and five more because the data were incomplete leaving 183 children in the study group. There were 20 failures defined as recurrence of subluxation or dislocation. In six children, the lesion of the plexus was repaired early. There were 92 boys and 91 girls. The right shoulder was affected in 111 cases, the left in 72. Posterior subluxation and dislocation occurred in 211 (25%) of 841 new cases of obstetric brachial plexus palsy seen between 1995 and 2000. The incidence was higher in the Narakas groups 2 and 3 (Table I) . 2, 14 A total of 47 dislocations occurred at birth or in the first month of life and 38 more by the age of 12 months. The deformity developed after the age of one year in 98 children; the time of onset could only be estimated in 15 of these who presented late. In 25 shoulders, the deformity progressed while the children were under our observation. In seven more, dislocation developed after they had been discharged from our care with normal or near normal function. The mean interval between dislocation and operation was 22 months (1 to 117; median 14); 112 shoulders were reduced within this period (early group), and 71 later (late group). A total of 61 previous operations had been carried out in 43 children including 32 subscapularis slides, 14 muscle transfers, five lateral rotation osteotomies and ten open reductions. Diagnosis and classification. The upper limb lies in medial rotation with pronation of the forearm. The back of the hand is brought to the mouth with an awkward abduction of the shoulder, the 'trumpet sign'. The shoulders appear asymmetrical with the head of humerus seen as a prominence behind the glenoid. Palpation confirms the displacement together with elongation and dorsal displacement of the coracoid and overgrowth of the acromion and lateral clavicle. There is restriction of active and passive lateral rotation measured with the arms in adduction, and restriction of active, but not of passive, supination (Fig. 1) .
Ultrasound examination was occasionally useful. 15 Radiographs in the anteroposterior and axial planes were undertaken in children after the age of 18 months but were restricted to a total of three examinations in the first five years of life. CT scans were not performed. MRI scans were reserved for the study of the glenoid and soft tissues in cases of advanced dislocation. Classification of the deformity 14, 16 was made first by clinical examination, refined by radiographs and confirmed or modified at operation. The glenoid usually forms a double facet where the true glenoid lies above and anterior to the false joint. Both facets are lined with hyaline cartilage and the two are separated by a ridge. In younger children, relocation of the head induces considerable moulding of this ridge and of the head itself as it slips into the true socket. In subluxation, the articulation is between the head and the false, posteroinferior facet which is lined with hyaline cartilage. In dislocation the head lies in a distended capsule which abuts the dorsal face of the scapula leading to a clear indentation of the cortical bone below and behind the glenoid. The articulation is between the hyaline cartilage of the head, the intervening capsule and underlying cortex. The terms 'simple' and 'complex' attempt to define the extent of secondary change. 'Complex' describes overgrowth of the acromion and clavicle, flattening or other deformation of the head of humerus and radiological evidence of glenoid malformation. We consider these changes as stages along a range of deformity ( Fig. 2 ). There were 37 simple subluxations, 64 complex subluxations, 24 simple dislocations and 58 complex dislocations. The records made at first attendance included the risk factors surrounding the nerve palsy, the depth of neurological lesion supplemented by neurophysiological investigation 14 and the level of function of the shoulder, elbow and hand. The systems used for the measurement of function have been described in detail elsewhere. 2, 14, 16 Three were applied to the shoulder. Gilbert's score 2, 14, 16 is modified so that a fixed medial rotation contracture limits the score to 1+, irrespective of the range of elevation. Mallet's system 2, 14, 16 is particularly useful and can usually be applied from the age of one year. The active and passive ranges of forward flexion and abduction, of lateral and medial rotation in adduction and of pronosupination of the forearm were recorded. The inferior scapulohumeral angle measures weakness of the abductor muscles and contracture of the soft tissues inferior to the shoulder. The posterior scapulohumeral angle, measured after reduction of the shoulder, indicates retroversion of the head of the humerus or contracture of the posterior soft tissues. Operative technique. The shoulder is exposed through an anterior deltopectoral incision. The coracoid is excised to its base after releasing the coracoacromial and coracohumeral ligaments. A step elongation of the subscapularis muscle is carried out, preserving as much of the anterior capsule as is possible, and the head of the humerus is relocated. The degree of retroversion is measured and a derotation osteotomy, with internal fixation of the shaft of humerus, is performed when retroversion is > 40˚ or if the head is particularly unstable after relocation. This procedure was necessary in 70 of the 183 shoulders. The wound is closed and the shoulder immobilised in a plaster of Paris jacket holding the arm in lateral rotation in about 30˚ of abduction for 12 weeks.
Exercises begin after removal of the plaster jacket and these are carried out in close collaboration with physiotherapists who have already worked with the child. For the first two weeks, there is little more than encouraging active movement into elevation and lateral rotation. Thereafter, passive stretching is commenced. Full activities are encouraged six weeks after removal of the plaster. The children are expected to go to school while in their plaster jacket.
The children were seen at six months and then at intervals of 12 months for five years. The first post-operative radiograph was taken at one year and the next at three years, unless it was clear that progress was unsatisfactory. Statistical analysis. The data were recorded in Microsoft Access (Microsoft Corp, Redwood, Washington) and statistical analysis performed using SPSS software (SPSS Inc., Chicago, Illinois). Statistical investigations included the chi-squared, Kruskall-Wallis, paired t -test, one way analysis of variance (ANOVA), kappa statistic and Mann-Whitney U tests. The Mann-Whitney U test was used to analyse the relation between failures and different ranges of movements. The kappa statistic measured the strength of the relation between bony deformities and outcomes in complex dislocations. One way ANOVA and the paired t -test were used to see if there was a significant difference in the range of movement before operation and at final follow-up. The chi-squared test was used to examine the significance between failures and the different types of dislocation. Values for p < 0.05 were regarded as significant.
Results
Findings at operation. The pectoralis major and deltoid muscles all appeared well innervated. Extensive adhesions were common in the deltopectoral groove and deep to the deltoid. Fibrosis was noted in 42 subscapularis muscles. In 14 the whole muscle was replaced by scar, reminiscent of that seen in a compartment syndrome. 17 The coracohumeral and coracoacromial ligaments were always abnormal when the coracoid was elongated. The coracoacromial ligaments arose from the entire length of the coracoid, forming a taut band where it crossed the subscapularis tendon and an increase in passive lateral rotation was seen after its release. Blunting or infolding of the margin of the anterior labrum was occasionally noted in a longstanding dislocation.
Elongation and dorsal inclination of the coracoid was the most common secondary deformity, usually presenting a mechanical obstruction to relocation of the head. There were 23 type 2 coracoids (Table II) in the early group (112 cases) and 34 in the late group (71 shoulders). Overgrowth of the lateral clavicle and the acromion was associated with the duration of dislocation, with 16 observed in the early group and 26 in the late.
The glenoid was normal in 50 of the 112 early cases and in 10 of the 71 late cases. A double facet was seen in 101 shoulders. Severe changes in the glenoid were seen in 22 of these and were associated with dislocation at birth and failure of an earlier operation.
The head of the humerus appeared normal in 138 cases. The anterior face was flattened in 36 cases (conoid deformity). Seven of the nine severely deformed heads occurred in complex dislocations.
Retroversion of > 70˚ was recorded in 25 cases; it was seen in 12 of the 47 cases which were dislocated at birth and in 13 of the 136 with a later onset. Range of movement and function. The mean active global range of shoulder movement was increased by 73˚; the mean range of active lateral rotation by 58˚ and that of supination of the forearm by 51˚. Active medial rotation was decreased by a mean of 10˚. The mean Mallet score improved by 9.4 (5 to 14) to 13 (8 to 15) and the mean Gilbert score by 2.1 (0 to 5) to 4.1 (2 to 6), but this latter system is weighted towards the presence of a fixed medial rotation contracture. The Mallet score is a more valid measure of change in function. Improvements were related to the severity of the neurological lesion and the extent of the deformity (Table III) .
The mean Mallet score for the 20 failures was 12.8, a surprisingly high level of improvement. This improvement is transient and later deterioration is inevitable. All 20 children have had a further surgical reduction combined with glenoplasty, a posterior bone block and muscle transfer, a method which is subject to further study.
Continuing neurological recovery did not appear to be a significant factor in the improvement of active movement.
Remodelling of the head of the humerus was seen in most cases of successful relocation, most especially in younger children. Remodelling of the glenoid is difficult to measure by plain radiographs (Figs 3 to 6 ). Complications. Failure was related to the age at operation and the duration of the dislocation. The median age at reduction was 53 months in the failures compared with 28 months for the 163 successful cases. The median duration of dislocation for the 20 failures was 19 months as against 14 months for the successful group. This was statistically significant (p < 0.05; chi-squared test). In five of the failures, derotation osteotomy of the humerus was not performed even though it should have been undertaken. The skin of the shoulder was infiltrated with local anaesthetic before incision and severe post-operative pain did not occur in any case. Interscalene block of the brachial plexus is forbidden because of risk to the spinal cord. 18 There were no deep infections and no plaster sores. Two transient radial nerve palsies were provoked by medial rotation osteotomy early in the series when the humerus was approached by the lateral route (12) . None has occurred since the humeral shaft has been exposed from the anterior aspect (58). There were two fractures of the plate associated with malunion of the humerus. Avascular necrosis of the head of humerus was confirmed radiologically in at least six cases. The incidence is probably higher than this. These children presented with an irritable and stiff shoulder. Vigorous exercises were suspended. The pain was never severe and resolved in all cases by about six months from onset. Avascular necrosis appeared to be more common in the older children. The appearance of an enlarged head on the final radiograph was suggestive of earlier avascular necrosis.
Discussion
Deformity of the shoulder in obstetric brachial plexus palsy can be seen as a spectrum starting with a medial rotation contracture, progressing through subluxation to dislocation, although shoulders may enter into this spectrum at different stages. A severe medial rotation contracture can occur in congruent and stable shoulders. At the other extreme, a posterior dislocation at birth is an immediate event. The progression from medial rotation contracture to posterior dislocation is often inexorable. Of the children, 25 followed this progression while under observation; seven more who were discharged with normal or near normal function later returned with established posterior subluxation or dislocation. Figures 3a and 3b -Complex subluxation in an eight-year-old boy with a Narakas group 1 lesion, and an onset at about the age of four years. The subscapularis muscle was elongated at the age of five years at another hospital. There was early recurrence of deformity. Anteroposterior and axial radiographs show a type 1 coracoid and acromion-lateral clavicle; double facet (type 1) glenoid and conoid head. The Mallet score was 12, the Gilbert score 1+. Active forward flexion and abduction was 180˚. Active lateral rotation was -40˚, the passive range was -20˚. Active medial rotation was 90˚, the passive range was 110˚. Active pronation was 90˚ and active supination was 40˚. Posterior subluxation and dislocation occurs in about 20% of children with obstetric brachial plexus palsy and in Narakas groups 2 and 3 more than one third are so affected. Three patterns of onset are discernible. About one quarter occur at, or soon after, birth. In these fibrosis of subscapularis, marked retroversion of the head and severe glenoid dysplasia is particularly frequent. 6, 7 About one half of the cases occurred during the phase of neurological recovery. In these muscular imbalance and co-contraction from disorderly regeneration are possible causal factors. The fifth cervical nerve is particularly vulnerable in obstetric brachial plexus palsy. It controls abduction and lateral rotation of the shoulder. Medial rotation is controlled by the seventh and eighth cervical nerves which are either undamaged or recover early so that there is muscular imbalance which is more prolonged in the more serious neurological injuries.
About 25% of cases of posterior subluxation and dislocation occur after neurological recovery. Secondary bone deformities may be relevant. Elevation and protraction of the scapula is commonly seen in obstetric brachial plexus palsy and may be explained by weakness of serratus anterior and of other thoracoscapular muscles in the first months of life. Because of this the coracoid becomes displaced dorsally in relation to the head of the humerus. Traction upon the coracoid from paralysis of the muscles supporting the head of humerus within the glenoid leads to its overgrowth. Enlargement of the acromion and lateral clavicle may be caused by traction through the deltoid. It seems probable that the glenoid becomes abnormal early in the evolution of deformity. [10] [11] [12] Posterior displacement of the head leads to defective growth of the posteroinferior margin and then to a double facet. Translation from subluxation to dislocation is a common finding in older children during resisted forward flexion of the shoulder.
The operation of reduction should address all of the contributory elements. Derotation osteotomy of the humerus is necessary where retroversion exceeds 40˚. In at least one third of cases of complex dislocation the deformity of the glenoid itself must be corrected by glenoplasty, a posterior bone block and augmentation of lateral rotation by muscle transfer.
We usually advise operation at about the age of 15 months, when neurological recovery is advanced and the child is walking, thereby easing post-operative care for the parents. However, simultaneous correction is performed if the plexus requires repair and the case is complicated by shoulder dislocation. Forcible stretching should be abandoned if posterior subluxation or dislocation is diagnosed.
The final functional outcome after relocation of a dislocated shoulder is related to the extent of the neurological lesion and to the severity of deformity, which is related to onset at birth and to the duration of dislocation.
We advise prolonged review for all children with obstetric brachial plexus palsy, most especially those in groups 2 and 3 whose shoulders are particularly at risk. Thorough follow-up is also necessary for children after successful reduction of the shoulder, because of the risks of later recurrence of deformity or of late onset of stiffness caused by fibrosis of the capsule and ligaments and by imperfect remodelling of the head of the humerus and of the glenoid. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Figures 6a and 6b -Function at five years from reduction with a Mallett score of 15, and a Gilbert score of 5+. Active abduction and forward flexion was 170˚; active lateral rotation 30˚; active medial rotation 90˚; pronation and supination 90˚. The posterior scapulohumeral angle was 90˚. Fig. 6b 
